In previous studies (2, 3), it was shown that, in so far as the phenomena of induction are concerned, the blind spot became functionally equivalent to other retinal regions whcn a stimulus pattern (proximal) falling across the blind spot gave rise to a continuous figure in perception. That is to say, under such a condition, propagating induction not only traversed the blind spot but also was reflected, refracted and absorbed by the appropriate figures which were perceived " across the blind spot ". Besides, no remarkable difference was observed in the refractive index and also in the index of absorption respectively whether these were determined in the region corresponding to the blind spot or in other regions of the retina. When no figure was perceived " across the blind spot " , however, propagation of induction was blocked by the blind spot as discovered by Motokawa (6) . The present experiment was designed to investigate whether the blind spot is functionally equivalent to other regions of the retina, if it becomes a traversable medium for induction, also with respect to the velocity of the propagation.
In other words, the problems were : (a) to study whether the velocity can be determined with considerable accuracy even along the path running across the blind spot ; (b) to determine whether the induction traverses the blind spot with the same velocity as in other regions of the retina. The propagation velocity has been repeatedly measured with various methods in Motokawa's laboratory (4, 5, 6, 7, 8, 9, 10, 11) , and highly consistent results have been obtained to give the value between 1.69 mm. and 1.77 mm. per sec. in the dark-adapted retina assuming the distance from the posterior nodal point to the retina as 17 mm. It was also discovered that the velocity was practically constant irrespective of regions of the retina and of directions of the propagation (5, 7, 9, 11). Furthermore, it became clear that neither color nor intensity of the stimulus to evoke the induction affected the velocity (5, 7, 9) . As can be inferred from the fact that the beam of induction is refracted by the retinal region adapted to a prism-shaped colored luminous figure, however, the velocity depends upon the state of adaptation of the retina. Compared with the velocity in the darkadapted region, the velocity in the region adapted to white light is higher and that in the region adapted to colored light is lower. It may be said, therefore, on the analogy of the terminology in optics, that the adaptation to white light makes the retinal region less dense and the adaptation to clored light makes the retinal region denser.
Since the refraction does occur in the region corresponding to the blind spot (3), the part of the blind spot underlying the perception of a continuous colored figure must be denser than the remaining part in the blind spot. It is not known, however, whether there is any difference in the density between the blind spot as a whole and other retinal regions, and this is one of the problems to be investigated in the present study. Taking into account the fact that approximately the same refractive index was obtained in the blind spot as well as in other retinal regions (3), the difference, if any, in the velocity is expected to be fairly small. Hence, it seems indispensable for the present experiment to employ a highly accurate method in measuring the velocity. As stated above, one of the purposes of this study lies in testing the accuracy with which the propagating velocity of induction is measured.
EXPERIMENTAL PROCEDURES
The phenomena concerning induction can be observed by measuring a change in the excitability of the eye to electrical stimulation when the eye is illumiated, prior to the delivery of the electrical stimulus, by various luminous figures, chromatic and achromatic. The electrical excitability of the eye is always given by the reciprocal of the minimum voltage of constant pulse of 0.1 sec. in duration to cause the phosphene in the peripheral field of vision of S. The electrical stimulus is applied to the right eye through a pair of silver electrodes ; one placed on the forehead slightly above the eyebrow and the other on the homolateral temple of S. Let us denote by E0 the excitability of the dark-adapted eye for at least 20 minutes. The effect of a pre-illuminating light upon the excitability is always expressed in terms of 5 = (E-E0) /E0 X 100 where E denotes the excitability determined after the eye is pre-illuminated.
As the excitability is enhanced by the pre-illumination, C is positive. Let us denote by 5a the excitability obtained with the preillumination of a white luminous patch of 2 sec. in duration and by ~~ the excitability determined with the same white patch when it is preceded by one or more chromatic luminous figures, namely, when the eye is stimulated by one or more colored lights and by a white patch in succession prior to the delivery of the electrical pulse. Under appropriate conditions, CA appears considerably greater than CB. The difference (CA -CB) is defined as representing the induction of the preceding chromatic stimulus upon the white patch. According to Motokawa, (fA fB) will hereafter be called " contrast effect " (CE) . In Fig. 1 are shown together all the pre-illuminating figures which are to be presented in the temporal sequence as given in the inset of Fig. 1 . The induction will be caused by the yellow figures (Y) at the point where the white patch (W) is presented. However, if the propagating induction which is to start from the blue figure (B) arrives at the point before W is presented, the induction will disappear as a consequence of neutralization (6) . It is Motokawa's ingenious idea to detect arrival or non-arrival at the point of W of the induction starting from B by absence or presence of the induction of Y respectively. For this reason, the yellow figures will be called Detector and the blue figure Inducer according to -Motokawa's terminology. The white figure, Sc, is a device to produce a beam of propagating induction and also to prevent the induction from directly arriving at \V. It is well known that induction of any kind is reflected by the region once stimulated or being stimulated by a white figure. The white figure, R, is a reflector which the beam strikes upon. When the fixation mark N1 is fixated, a part of R forms the image in the blind spot. Nevertheless, it is perceived as a whole in the shape as given in Fig. 1 . The white bar, Bb is to block the propaga- passed the position, neutralization will be observed at W, i.e., CE=0, whereas, if Bb is presented prior to the arrival of the beam, it will block the propagation and consequently the induction of Y will be observed at W, i.e., CE>0.
The interval of time, t, between presentations of I and of Bb was either 3 or 3.5 or 4 sec. If, under a particular value of t, the critical length of the path along which the induction propagates for the interval of t is experimentally determined, the velocity of induction will be calculated under the assumption that the velocity does not change along the path. Here the critical length means the length of the distance between the right side of B and the position of Bb at which the induction propagating is just blocked. This distance will be denoted hereafter by d.
A number of laws concerning induction and neutralization were the requisites indispensable to the design of the present experiment. For example, it has been repeatedly ascertained that the interval of time between cessation of Detector and presentation of W can be prolonged up to 20 sec. without any appreciable change in amount of CE. Otherwise, it would have been impossible to measure the velocity of induction by the direct method as simple as described above. The laws utilized in experiments of this kind were enumerated in detail in a previous article (3) . The psychophysical procedures of determining the minimum voltage of the electrical stimulus to give rise to the phosphene were also fully described in the same article. Because only presence or absence of the indirect induction of Y was the question at issue, the electrical pulse was delivered at 1.5 sec. from cessation of W all through this study. For the sake of comparison, the velocity of induction was Experiments on the Propagation of the Induction across the Blind Spot 41 Table  1 Fixating mark I. Blind spot involved.
measured under the condition that the blind spot did not lie on the path of the propagation. The fixation mark, X2 in Fig. I was fixated so that the blind spot, if projected to the plane of stimulating patterns, lay on the right side of the vertex of R. The region of the retina through which the induction propagates necessarily differs in the two conditions ; the path of the induction lies on the more peripheral region when the blind spot is involved than when not involved. Hence, if a difference is found between the velocities obtained in fixating the mark 1 and in fixating the mark 2, the difference, especially when small, will not be accounted for with unambiguity. It may suggest either that as a medium for the induction there is a difference between the blind spot and the other regions or that the velocity differs somewhat in various regions of the retina. Nevertheless, the experiment seemed to the investigators worth while carrying out, because their interest lay more in studying whether the velocity can be successfully determined even when the blind spot is involved than in making a precise comparison of the velocities in the blind spot and in other regions of the retina. The distance was 56 cm. from the right eye of S to the transparent screen through which the rays were delivered as the preilluminating stimuli. The illumination of the screen was 106 luces and when the stimulus limen was taken as an unit, the intensities of transparent lights, i.e., Y, B, and W were as follows respectively : 6.7 x 106, 8 .0 X 106, and 1.5 X 103 when the mark 1 was fixated, and 2.6 X 106, 1.7 X 106, and 1.9 X 103 when the mark 2 was fixated.
The stimulus limens were determined with the two Ss participating and the averages were defined as the units.
Although three Ss were employed in the present study, the data of one S was discarded for the reason stated later. The remaining two Ss are highly experienced in observing the phosphene.
RESULTS, ANALYSIS, AND DISCUSSION
The blind spot becomes a traversable medium for induction whenever perception of a continuous figure of any direction, not necessarily in the direction of the propagation, takes place " across the blind spot ".
It is remarkable and of a great theoretical importance that such a small portion of R in the blind spot as indicated in Fig. 1 was shown sufficient to make the blind spot loose its blocking effect towards the induction. As a matter of course, R was perceived in its complete form and traversing the blind spot of the induction was apparently due to the continuity of R " across the blind spot ". Suffice it to say that , when fixation was slightly shifted to the right so as to remove the whole R from the blind spot, the induction was blocked by the blind spot lying on its path. The whole data, i.e., CE's determined for obtaining the critical distance, d, were given in Tables  1 and 2. As   42 T. INDOW, T. KOYAZU, AND T. KOZAKI Table  2 Fixating mark 2. Blind spot not involved.
* Distance between the right side of B and Bi , in mm. stated above, when the mark 1 was fixated, the blind spot lay on the path of the propagating induction, and when the mark 2 was fixated, the blind spot was not involved.
As an example, from Table 1 CE's in the case of " blind spot involved ", Id, and t =3 sec. are plotted in Fig. 2 a straight line passing through the origin. That is equivalent to assume that the latency for the induction to start from B and also the latency for the induction propagated to wipe out the induction of Y existing at W are negligible compared with the time necessary for the propagation. This is the fact repeatedly ascertained in Motokawa's laboratory (5, 7, 11) . What line should be fitted to dB then ? In this case, the medium through which the induction propagates is divided into two kinds ; the blind spot (B-part) and the other regions of the retina (N-part). Then, with respect to the propagating velocity, B-part and N-part may differ to each other though these are homogeneous within each respectively. Should it hold, as the induction propagates in order through N1,B, and N2, the relationship between t and dB will be as given in Fig. 5 (1) was fitted to dA's and dB's respectively as shown in Fig. 3 and 4 . Because of the peculiar form of the equations (1), modifications had to he made to the ordinary procedures of the fitting and 
and the fitted straight lines are written as follows :
Then, a and b will be given by the principle of least squares in the following way.
(5)
where and (7) Equations (6) and (7) reduce to
where Thus, the values of a and b given in Fig.  3 and 4 were determined by means of (8) and (9) . It is to be noted that the following equations hold from (6) and (7) : Evidently the fourth term vanishes and so do the last two terms because of (10) and (11) . Then, Sy, reduces to
where (16) and Sx is defined before. The degree of freedom of Si is reduced by 2 on account of (10) and (11) 
Hence, the variance of Y20 is given by the equation (11, p.34) :
By means of (19) and remembering that y2 is a mean of sample of size mn,
When x0=0, Y20=b, the hypothesis under discussion, H3, is tested by (22) Hence, the variance of Y20 is given by the equation (11, p.34) :
When x0=0, Y20=b, the hypothesis under discussion, H3 is tested by 
